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ABSTRACT 

The origin and continuity of complex temperature profiles 
observed in the Chukchi Sea as part of the MIZPAC 71 program 
was investigated. The positive temperature anomalies, termed 
mesostructure elements, were found to have their heat source 
in the warm coastal current. Interleaving coupled with mix- 
ing in the marginal ice zone due to ice protuberances was 
found to account for the temperature features obsex’ved. 
Particular mesostructure elements were traced for several km. 
The deeper structure was found to occur in some association 
with a rhythmic deepening of constant density surfaces, pos- 
sibly due to tidal influence. 
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INTRODUCTION 



I , 

A. ORIGIN OF STUDY 

The present work was undertaken to find the mechanisms 
by which mesostructure forms in temperature profiles in and 
near Arctic ice margins. The term "mesostructure” merely 
implies larger temperature fluctuations than those found 
elsewhere and termed "microstructure". The body of data ex- 
amined was gathered in July and August 1971 by Paquette 
(Paquette and Bourke, 1973). It consists of about 150 lower- 
ings of a salinity-temperature depth recorder (STD) supple- 
mented by discrete random samples made with a hand-lowered 
instrument. That part of the data used came from the north- 
eastern Chukchi Sea not far from the Alaskan coast, collected 
as part of the MIZPAC 71 (Marginal Ice Zone, Pacific) pro- 
gram. 

Length and time scales of mesostructure and mechanisms 
for its formation were examined using both hand-plotted and 
computer-generated graphic techniques of data display. It 
was found that warm near-surface water was mixed down into 
the water column and advected across the Chukchi shelf at a 
relatively high rate of speed to form interleaving features. 
Large changes in mesostructure characteristics in the space 
of 1km suggest that mesostructure may form over short dis- 
tances and that the process may have highly preferred orien- 
tations . 
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The discussion of mesostructure in the present work will 
be introduced by a brief oceanographic description of the 
area studied. Following this, an outline of the method of 
attack with a summary of the analyses performed and data- 
induced limitations will be presented. Then, an examination 
of the data will be performed which consists of both a tem- 
poral and spatial analysis of individual mesostructure ele- 
ments and mesostructure in general. Finally the origin of 
mesostructure will be discussed. 

B. OCEANOGRAPHY OF THE MIZPAC 71 AREA 

The Chukchi Sea is a shallow marginal sea. All but its 
eastern edge is 30 fathoms deep or less. Near the eastern 
border is the Barrow Sea Valley, extending from 15 miles 
north of Point Franklin in a northeasterly direction. Near 
its northern boundary the Chukchi Sea deepens and the bottom 
eventually descends into the Arctic Ocean basin. 

The coastal circulation of the eastern Chukchi Sea is 
dominated by a warm current, presently having no accepted 
name. It will be referred to as the "coastal current." The 
current has its origin in the Bering Sti'ait . At Cape Lisburne 
it apparently splits, with some flow turning to the north- 
eastward. The right-hand branch is genei'ally closely com- 
pressed against the Alaskan Coast. Paquette and Bourke (1973) 
found that at least part of the current turned sharply to the 
right into the Beaufort Sea at a point about 55km past Pt . 
Barrow. They found that beyond this point part of the cur- 
rent, with diminished heat and kinetic energy, ran more or 
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less parallel to the shore to 152“ W. Current speeds are 
somewhat uncertain, but speeds in the core are probably on 
the order of 1 knot or more in the south and sometimes over 
2 knots west of Pt. Barrow. 

The temperature maximum of the current varies from year 
to year. In the period June through September maximum tem- 
peratures of 5-11“ C have been found. MIZPAC 72 observed 
warm water up to 10“ C at 167“ W in the Chukchi Sea. However, 
maximum temperatures in the MIZPAC 71 operating area (see 
Figure 1) were approximately 6“C. Figure 2 shows the hori- 
zontal distributions of the maximum temperature in the water 
column during MIZPAC 71. 

Maximum temperatures are at the surface towards the 
coast, but at lower levels lux'liier Lo seaward in both the 
Chukchi and Beaufort Seas. Also, the depth of maximum tem- 
perature increases rapidly near the Barrow Sea Valley. This 
is apparently because the water is finding a deeper equilib- 
rium level. Paquette and Bourke (1973) suggested that the 
Barrow Sea Valley may act as a drain for the dense under- 
lying water. V/hen this happens the warm water merely descends 
to fill the column. 

C. MARGINAL ICE ZONE CHARACTERISTICS 

The ice margin of the Chukchi Sea changes markedly be- 
tween about 1 July and 15 September. In this period ice 
melts back from the Bering Strait to approximately 73°N. 
Factors which influence the exact position are the heat and 
kinetic energy of the coastal current, local river discharge, 
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Figure 1. MIZPAC 71 station positions. 
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Figure 2. Plan view of maximum temperature in the water column. 
Temperature in °C. 



and wind direction. If winds in the area are from the west 
or north, a diffuse ice margin will result, whereas winds 
from the east or south produce a compact margin. During 
MIZPAC 71 the ice margin was diffuse, scattered south to Icy 
Cape. The year 1971 was considex'ed a "normal” year for melt- 
ing. Daily and weekly changes of the ice margin were large, 
but the exact nature of the changes could not be determined, 
since little aerial reconnaissance could be done and fog re- 
stricted visibility. 

Figure 3 presents the ice distribution in oktas during 
the MIZPAC 71 cruise. The numbered dots are station posi- 
tions. Rather than being synoptic, this chart shows concen- 
trations estimated while the stations in an area were being 
occupied. The influence of the coastal current is evident. 

D. MESOSTRUCTURE DEFINITION 

The term mesostructure can best be described using some 
examples from MIZPAC 71 data. Figure 4 shows the temperature 
versus depth profiles for a typical station and the corre- 
sponding density versus depth profiles for the station. 

As Figure 4 shows, mesostructure elements are divided 
into three classes. They consist of a nose feature with 
vertical extent of about 5m. and a^<25.0, shallow mesostruc- 
ture with o^<25.5, and deep mesostructure in the density 
range 25. 5_<a^£26 . 3 . Much of the shallow mesostructure in 
Figure 4 underlies a shallow nose, as will be seen in subse- 
quent figures. 
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Figure 3. Ice concentrations in oktas (eights) from observations on station, 1971. 
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Figure 4. Definition of mesostructure elements and nose feature. 
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For the purpose of this woi'k a mesostructure element is 
defined to extend from the depth where the temperature grad- 
ient becomes positive to the depth at which the temperature 
is the same value as it had when the gradient became positive. 
If, after the temperature gradient becomes negative, it 
again goes positive before that temperature is reached, that 
point is taken as the end of one mesostructure element and 
the beginning of another. In addition, a.ny region of warmer 
v/ater extending over more than five meters in depth is called 
a nose. 

The choice of the mesostructure definition in the present 
discussion was somewhat arbitrary, but warm anomalies in the 
profile were chosen rather than cold ones since the advec- 
ticn of warm water was found to be associated with meso- 
structure. Other definitions are possible. 

Garrison et al. (1974) have defined mesostructure ele- 
ments to consist of what might be described as a "half 
layer." This half layer was defined to extend from the 
depth where it became negative, or vice-versa. They made no 
depth or size restrictions, but temperature differences less 
than .03°C were ignored. 

It does not appear that mesostructure in the marginal- 
ice zone (MIZ) is of the same origin as microstructure anom- 
alies in the Arctic Ocean measured by Neal and Neshyba (1972), 
Denner (1971) at Ice Station T-3, or by Denner at Arlis V in 
1970. These measurements were of a staircase- like tempera- 
ture structure with numerous sheets (over 60), and 
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temperature steps on the order of 0.01'’C per step. In the 
present study most of the structure was not of staircase 
form and had peak temperature anomalies about 100 times larger 
than in the studies cited. A little staircase structure 
could be seen in some of the STD records, but this study has 
been confined to the more important irregular anomalies pre- 
viously described. ^ 

As will be seen in subsequent figures, the mesostructure 
elements have little uniformity in vertical extent, tempera- 
ture change with time, depth, or shape. The vertical scale 
of the mesostructure elements is within the size found by 
Denner (1969, 1970). Because of lack of agreement on all 
other points, however, it is contended that the mesostructure 
origin is not that of the microstructure discussed above. 

Gregg and Cox (1972) in measurements off San Diego found 
temperature and salinity depth fluctuations in the millimeter 
range, of the same general shape of mesostructure, superim- 
posed on a staircase structure. However, the difference in 
scale of the data in this study is so great that this work 
has, for the present, been considered not applicable to their 
smaller scale. 

E. MESOSTRUCTURE DISTRIBUTION 

Figure 5 shows the distribution of the mesostructure in 
the MIZPAC 71 area. The symbol which indicates shallow and 
deep mesostructure does not specifically indicate a nose, 
although a nose is usually present ‘in these instances. Un- 
fortunately, part of the time the Bissott-Berman Model 9006 
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Figure 5. Distribution of mesostructure in the MIZPAC 71 area. 
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STD was not operational and some stations were taken using 
the Beckman RS5 conductivity-temperature meter. Since the 
RS5 provides only discrete readings and a resultant profile 
resolution far less than the Bissett-Berman 9006 STD, it was 
decided. to concentrate the efforts in mesostructure deter- 
mination mainly to the area over and just west of the Barrow 
Sea Valley. Most of the stations in that area were made using 
the Bissett-Berman STD. In addition, the station concentra- 
tion over a large area was the highest thei'e. Time series 
for stations 7-16 and 17-35 were taken in the areas indicated. 

II . METHOD OF ATTACK 

A. SUMMARY OF ANALYSES PERFORMED 

To reiterate, the problem at hand was to determine more 
about the nature of the mesostructure elements and the rea- 
son why only some areas under the ice margin contain meso- 
structure. 

Since very little is known about the mesostructure, it 
was decided to first determine to what extent, if any, ele- 
ments can be traced using either several stations in the 
time series for stations 7-16 and 17-35, (see Fig. 1) or 
stations both geographically and temporally close. After 
discussion of these results, the characteristics of meso- 
structure elements in general are discussed. Depth, temper- 
ature, and density distributions of elements are displayed, 
and any associations of mesostructure with those variables 
are noted. 
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Using those characteristics unique to stations with 
mesostructure (other than the mesostructure itself), a source 
is determined. Once the nature of the source is known and 
fully described, general oceanographic features of the MIZPAC 
71 area discussed previously are considered in an attempt to 
determine reasons for the geographical distribution of meso- 
structure. 

Finally, an attempt is made to determine mechanisms for 
the formation of temperature anomalies (in the water column) 
of the observed magnitude. Several theories concerning in- 
terleaving, generation of instability by breaking internal 
waves, billow turbulence, and double diffusion are examined 
to determine the most likely explanation. 

III. DATA- INDUCED LIMITATIONS 

Because of several commitments of the USCGC Northwind , 
stations were occupied when time permitted, introducing cer- 
tain non-idealities. The station arrangement in time and 
space v/as not well-suited to tracing phenomena through small 
increments of lateral distance. In certain interesting 
cases, not enough information was available to determine 
whether the phenomena were of local origin or arose in the 
environs . 

However, a time series of 29 stations did occur over a 
period of 45 hours while the ship was drifting relatively 
slowly, providing a quasi-cont j nuous look at tomj)ora]. changes 
within the water column. Also some station group.s were 
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closely spaced (i.e. 131-133, 146-148), enabling an examina- 
tion of spatial changes of mesostructure to be made. 

IV. DISCUSSION 

A. ESTIMATES OF LENGTH AND TIME SCALES OF MESOSTRUCTURE 

ELEMENTS 

In order to determine more about the origin of mesostruc- 
ture elements and scales of length and duration, several dif- 
ferent approaches were taken. The temperature and salinity 
of mesostructure elements at geographically close stations 
were compared. Tracing of a particular temperature-depth 
profile shape from one station to another was tried. Finally, 
the time series 7-16 and 17-35 were studied to determine if 
particular structures could be observed at one place over a, 
period of time. 

Garrison et al., (1974), using 1972 MIZPAC data, reported 
that little success was obtained in their attempts to deter- 
mine the size and shape of individual layers, using their 
definition of a mesostructure element. Attempts to deter- 
mine length scales of particular mesostructure elements were 
only partly successful. Much of the data in the series 131 
to 163 gave little indication of a progression of change 
which could be used to infer some mechanism for the produc- 
tion of mesostructure elements. This is somewhat surprising 
since some stations were close together in time and space. 

Three examples from the data are presented and examined 
here. Station groups 131-133, 144-145, and 146-148 were 
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chosen since these station groups were close together and 
correlation between mesostructure elements was better here 
than between most stations. Figures 6, 7, and 8 show the 
temperature versus depth profiles for the three station groups. 
The inserts of temperature and density were measured at the 
depths of temperature peaks of the mesostructure elements. 

The temperature profiles are nested and offset 1°C. The 
dotted lines in the inserts represent independent attempts 
to trace mesostructure elements using temperature, and den- 
sity and shape. It should be noted that the dotted lines 
tracing temperatures between stations do not always agree 
with the lines using density and profile shape to follow 
particular elements. It appears that temperature is a poor 
way to trace particular structures iiiitially’, and is best 
used to show direction of flow between stations once the 
mesostructure elements have been traced. 

Stations 131-133 (Fig. 6) showed the best correlation, 
both in general temperature, profile shape, and density of 
mesostructure elements between stations. The density of the 
different elements was fairly constant between all three 
stations. In stations 131-133, station 133 appears to be in 
the downstream direction, since temperatures are coolest, 
and the meso.structure elements have smaller positive temper- 
ature anomalies. Station 133 is about 2.0km north of sta- 
tion 131, giving an indication of the length scale over which 
similar elements can exist. 
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Stations 144 and 145 (Fig. 7), separated by 1km, showed 
fairly good correlation between mesostructure elements, al- 
though it was more difficult to trace particular elements 
than in 131-133. However the temperature profiles are simi- 
lar in shape, suggesting a common origin for the waters. 
Densities of some of the mesostructure elements at their 
peaks compared well between the stations^ The near-surface 
mesostructure temperatures changed more than the temperatures 
of deep mesost ructures , which is to be expected. 

Again in stations 146-148 (Fig. 8), some of the struc- 
tures seem to be correlated, especially between stations 146 
and 147, but it is difficult to demonstrate the correlation 
unambiguously between stations 146 or 14.7 and station 148. 
Stations 147 and 148 are 1 and 10 km from station 146, re- 
spectively. This suggests either that the length scale of 
particular mesostructures is short compared to 10km or that 
the line along which progressive change occurs (perhaps a 
pressure ridge) was sharply defined, or both. 

Therefore, mesostructure elements seem to be capable of 
existing and maintaining their identity for up to 1km, al- 
though some elements either disappear or change so as to be- 
come unrecognizable in that distance. No definite continuity 
can be shown over a 10km distance. 

Studies were made of the temporal variation of mesostruc- 
ture elements, using stations 7-16 and 17-35, (see figure.s 
9, 10, and 11). VHien initially analyzed, it was found that 
the 25.5 sigma-t surface could change as much as six meters 
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Figure 9. T Z profiles of stations 7-16 nested with one-degree separations. 
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Figure 10. T Z profiles of stations 17-30 nested with one-degree separations. 
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Figure 11. T-Z profiles of stations 30-35 nested with 
one-degree separations. 



in depth in the space of 2^ hours. Therefore, to trace meso- 
structure, a graph was devised which simultaneously plotted 
the depth of constant-density surfaces versus time and meso- 
structure depth versus time. This graph (Fig. 12) has the 
times of stations 7-16 and 17-35 marked on the abcissa to 
give a time perspective to mesostructure and density varia- 
tions. The stations appear to be out of sequence (i.e. be- 
tween 16 and 7, and 35 and 17), but it was decided to use 
time as the common denominator in order to observe whether 
fluctuations of the density surface had a dependence on the 
time of day. This form of graph has the advantage of allow- 
ing one to observe the density variation of mesostructure 
elements while also seeing what is happening to the water 
column itself. The thick vertical bars represent the limit 
in depth and density of the mesostructure elements. Those 
bars labeled with an ”N" are noses as defined in the intro- 
duction . 

Mesostructure elements in figures 9, 10, and 11 show 
some temporal continuity. The shallow nose was present in 
stations 7-35 to varying degrees. The shallow rneso.structure 
element below the nose in stations 28-33 remained similar in 
temperature, shape, and density for a period of six hours, 
(see also Fig. 12). 

There is some correlation in temperature, shape, and 
density between deep mesostructure elements fi’om 30-40 meters 
depth in stations 29-32 as well as between stations 10-11 
and 15-16. The deep structure in those cases is mostly in 
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stations 7-35. The vortical bars 
indicate the depth ranges in which 
mosostructure is present. 
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the 25.5-25.9 sigma-t range. Most other deep mesostructures 
in the time series also occurred in this density range. It 
is interesting to note that the structures seem to divide 
into two density ranges (a^<25 and 25 . 5<a^<25 . 9) in the time 
series, as was noted earlier. 

Since the temporal variation in the depth of constant- 
density surfaces appeared to be cyclical' especially in sta- 
tions 7-16, periods of oscillation were measured approximately 
to the nearest hour. Stations 7-16 appeared to have a period 
of 12 hours, while stations 17-35 had a poorly defined peak 
with a period of perhaps 14 hours. A 24 hour period may 
exist but cannot be demonstrated in so short a series. The 
presence of tidally generated internal waves must be sus- 
pected. It is comm.only known that intensj.f j.cation of wave 
energy often occurs along continental slopes, and there is 
no reason to suspect that the case is any different here. 
Additional support is given for this idea when the time (GMT) 



of occurrence of peaks and 


troughs of 


the density surfaces 


in Fig. 


12 is examined: 








STATIONS 


7-16 


17-35 


GMT 


OF LARGE PEAK 


2100 


1700-0200 


GMT 


OF SMALL PEAK 


0900 


1200 


GMT 


OF FIRST TROUGH 


0300 


0700 


GMT 


OF SECOxND TROUGH 


1300-1500 


1500 



Because water of an inhomogeneous nature is being advected, 
and because stations were an hour apart or more, the liour of 
maximum or minimum could easily be displaced ±1 hour from 
the values shown. 
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Another feature of Figure 12 is worth mentioning. Sta- 
tions 7-16 contain the 26.0 sigma-t surface at a depth of 
between 28 and 39 meters. This surface is at its maximum 
depth when deep mesostructure is occurring. Stations 17-35 
have continuous deep mesostructure. The 26.0 sigma-t surface 
is found between 38 and 40 meters for stations 17 through 23, 
and then not at all for remaining stations. 

B. CHARACTERISTICS OF STATIONS 131-163 

To determine if mesostructure densities and depths through- 
out the MIZPAC 71 area were similar to those in Stations 
7-35, T-S and T-Z profiles were examined. Figures 13, 14, 
and 15 show depths of mesostructure elements for Stations 
131-163. Again, time is on the abcissa. The three figures 
are for stations taken on August 18, 19, and 20, respective- 
ly. It is important to note that these graphs involve vari- 
a,tions in both time and space whereas in Figure 12 the 
variation in time is predominant. But in order to see if 
long-period internal waves could be observed, and in the 
interest of pointing out the similarities that do exist with 
Figure 12, the stations have been plotted in a time/depth 
coordinate system. Again depths of constant sigma-t surfaces 
and depths of mesostructure elements and noses have been 
plotted . 

There is some agreement between Figures 13, 14, 15, and 
Figure 12 regarding tidally generated oscillations. The GMT 
of the peaks and troughs of constant-density surfaces 
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Figure 13. Depth/Density characteristics of stations 131-141 (18 August). 




Figure 14. Depth/Density characteristics of stations 142-159 (19 August). 
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Figure 15. Depth/Density characteristics 

of stations 160-163 (20 August). 
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correspond fairly well to times found for stations 7-16 and 
17-35. On August 18 definite troughs were found at 0200- 
0300 GMT and 1400-1500 GMT, roughly a 12 hour interval. Be- 
cause there were few stations between 0400 and 1200 GMT, it 
is not known where a peak would have occurred. It is inter- 
esting to note that the temporal change in depth of the den- 
sity surface is small for Stations 138-1-^1. These stations 
are the farthest out on the Chukchi shelf of any stations 
studied using MIZPAC 71 data. 

Peaks in the density surfaces on August 19 were found at 
2100-0100 GMT and 0900-1100 GMT. Troughs were located at 
0500-0700 GMT and 1400-1500 GMT. No data were used from 
August 20 since only four stations were occupied. The times 
of all peaks and troughs are shown in Figure 10. Points 
were used in place of lines when the times of peaks seemed 
to be close to the station times. The ranges shown only con- 
sist of the time spread of the actual estimates made, without 
the ±1 hour of uncei’tainty . Judging from this figure it 
seems probable that there is significant internal wave activ- 
ity in the area over and to the southwest of the Barrow Sea 
Valley along the border of the Chukchi Sea coastal shelf. 

It is curious that the peaks are so well correlated in time, 
when the size of the area would suggest that there should be 
substantial phase differences between stations. This sug- 
gests that a wave phenomenon exists which has roughly a 12 
hour period and a very long wavelength. This could conceiv- 
ably be driven by internal edge waves in the Arctic Ocean. 
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ESTIMATED TIMES OF OCCURRENCE OF DENSITY MIKIMUMS 
AND MAXIMUMS FOR MIZPAC 71 STATIONS 

7-35 AND 131-159 

Figure 16. 
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It should be noted that this oscillatory activity is not 
confined to the near-surface as is evident by following the 
26.0 sigma-t surface on August 18, 19, and 20, as well as 
the 25.75 sigma-t surface for stations 7-35. 

In stations 131-163 (see Figs. 13, 14, and 15) a warm 
nose was found everywhere except when near-surface densities 
were high. Shallow mesostructure was also found in most 
stations. Deep mesostructure occurred only when the 25.5 
density surfaces were deeper than about 25 meters. However, 
as will be shown, the association of deep mesostructure is 
not so much with low density as with high temperature. Most 
of the deep mesostructure elements occurred in the 25.5- 
25.9 sigma-t range. This density range is the same as for 
the majority of the deep mesostructure in stations 7-35. 

C. COMPARISON OF STATIONS IN THE ICE MARGIN WITH AND WITH- 
OUT MESOSTRUCTURE 

Thus far it has been found that mesostructure occurrence 
is associated with relative maximums of the depth of density 
surfaces. Much of the deep mesostructure has been found in 
the 25.5-25.9 sigma-t range. It was found that the occur- 
rence of mesostructure in this density range was associated 
with the appearance of a warm shallow nose of lesser density, 
and generally some shallow mesostructure. 

In order to see if the nose was more closely related to 
deep mesostructure, and thus predictive of its existence, 
maximum temperatures (which were always in the shallow nose) 
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of stations with deep mesostructures and stations without 
deep mesostructure were compared (Fig. 17). This figure in- 
cludes temperature data from stations in the time series and 
the stations 131-163. Stations with mesostructure elements 
in the density range 25.5-25.9 sigma-t, gi’eater than 26.0 
sigma-t, and those without deep mesostructure elements 
(25. 5j<0^<25. 9) v/ere compared. The average near-surface tem- 
perature of stations with 25.5-25.9 sigma-t was found to be 
1°C. Stations with mesostructure at sigma-t ^ 26.0 had the 
same mean maximum temperature. However, stations without 
much mesostructure below the near-surface nose had an aver- 
age temperature about -1.3°C, 2.3°C cooler. Therefore, when 
deep mesostructure is occurring, it is likely that near- 
surface waters have temperatures above the ice-seawater 
equilibrium temperature. 

D. ORIGIN OF MESOSTRUCTURE ELEMENTS 

At this point mesostructure has been associated with 
relatively v/arm near-surface temperatures as well as with 
the periodic descent of constant density surfaces. The 
phenomenon was determined to be patchy, with stations only 
several km apart showing much different temperature-depth 
profiles. The length scale of pai-ticular mesostructure ele- 
ments was concluded to be at least 1km, with possible con- 
tinuity up to 10km. Mesostructure was not seen to persist 
at one area for more than a day. Tracing of mesostructure 
indicated that the process was a dynamic one, with notable 
change.s in the structure occurring in the space of a few km. 
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Figure 17. Maximum temperatures for 
MIZPAC 72 stations insid 
ice margin. 
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Mesostructure appeared to exhibit a tendency to split into 
shallow and deep structure at times, as was especially indi- 
cated by the time series 7-35. Mesostructure was found to 
apparently occur only inside the ice margin. 

To find a suitable explanation for all of these results, 
the origin of mesostructure elements was investigated using 
theories of breaking internal waves by shear instability or 
convective overturning, local vertical mixing, salt finger- 
ing, billow turbulence, and advection. Most of these theo- 
ries were discarded either because of lack of agreement with 
observations, or lack of data: 

* The breaking of internal waves by shear instabil- 
ity can account for formation of warm mixed water 
near the base of the warm nose. However breaking 
internal waves cannot move the water directly 
vertically downward without also mixing the water 
column. As will be discussed, this mixed water 
may provide the source water for creation of meso- 
structure by advection into adjacent water columns. 

* The breaking of internal waves by convective over- 
turning (Orlanski and Bryan, 1969) again cannot 
account for direct vertical transfer of heat, and 
suggests a mechanism for forming a staircase type 
of structure rather than the large-scale positive 
temperature anomalies observed. 

* Local vertical mixing by turbulent eddies can 
cause vertical heat transfer, but the mixing proc- 
ess tends to produce smooth temperature gradients. 

* Salt fingering can cause a structural element to 
change depth and temperature, but it cannot account 
for the initial formation of elements like the ones 
observed . 

* Billow turbulence (Woods and Wiley, 1971) can ac- 
count for splitting of an element into smaller 
structure, but is concerned with such small scale 
phenomena that its applicability is limited to a 
possible explanation for degdneration of structure. 
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Since no suitable explanation could be found in the lit- 
erature, advection was considered. A source of warm water 
was required in the density range at which mesostructure 
elements were observed. Stations 40-48, in the coastal cur- 
rent, were found to contain a significant proportion of 
their heat in the density range of up to almost 26.0 sigma- t. 
This heat was found to be generally confined to the upper 15 
meters or so of the water column, overlying much colder water. 
Figure 18 shows the general characteristics of the stations 
in the area of 40-48, outside the marginal ice zone and in 
the coastal current. 

The author's picture of the process which apparently is 
occurring in the marginal ice zone of the northeastern Chuk- 
chi Sea, is suminarized in Figure 19. This figure shows the 
progression of water from outside the ice margin to anywhere 
from 1 to 20km inside. The sloping of the isopycnals as 
drawn was actually observed. It is not known whether this 
is due more to a geostrophic tilting of the isopycnals in 
response to the coastal current or a result of ice melting. 

As the figure shows, warm water (from the coastal cur- 
rent) enters the ice margin, where the surface is quickly 
cooled and diluted by ice melting. The temperature profile 
is modified from a sharply-defined staircase structure to a 
sub-surface nose feature. Under- ice turbulence generated by 
flow past ice protuberances causes mixing at both the top 
and bottom of the nose. This mixing increases the density 
of the bottom of the warm nose, and provide.s water of the 
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Figure 18. Typical characteristics of MIZPAC 71 stations south 
of the ice margin inside the coastal current 




the marginal ice zone. 
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necessary temperature and density to serve as source water 
for the creation of positive temperature anomalies in adja- 
cent water column with different density Structures. This 
water intrudes into adjacent water columns in a more or less 
horizontal direction as an interleaving feature forming meso- 
structure elements. The intrusion appears to be somewhat 
random, but is highly likely, since water columns only 1km 
inside the ice margin have generally lower densities than 
those outside the ice margin. 

Since some heat is already available in the density range 
in which the great majority of the mesostructure was found, 
the warm coastal v;ater does not have to be modified much, 
and merely seeks its density in the water inside the MIZ. 

The fact that warm water inside the ice ma,rgin is found 2b 
meters deeper than in the coastal current is not inconsistent 
with this theory (recall that the 26.0 sigma-t surface was 
found at depths of up to 40 meters inside the ice margin and 
at 15 meters in the coastal current). Finally, depending on 
the amount of current shear and turbulence in the area, both 
the nose and the mesostructure decay as their heat is lost. 
Because of the highly dynamic conditions in the marginal ice 
zone, mesostructure elements may decay in anywhere from per- 
haps 1km to 20km or more. The pycnocline may act as an en- 
ergy hill, keeping most of the heat from the coastal current 
in the upper 15 meters. Once structure has either found its ' 
way below this pycnocline, or initially interleaved below it, 
it is virtually free to move in the water column, since 1 he 
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change in density with depth is very slight. It is inter- 
esting to note that most of the deep structure does occur 
when density surfaces are at a maximum depth, possibly indi- 
cating that the density barrier has been decreased. It is 
also logical to expect more of the warm dense water initially 
mixed below the pycnocline to be found at depths of up to 
40 meters when density surfaces are at tl^eir greatest depths. 

The banding observed at some stations may be related to 
the periodic descent of sigma-t surfaces. Figures 20 and 21 
give some support for this idea. In stations 17-20 the meso- 
structure elements have little uniformity in density or depth 
(see also Figures 10 and 12). At this point density surfaces 
are at a relative minimum depth. Stations 33-35 in Figure 21 
shov,^ banding, and were occupied when Lhe density surfaces 
were at a relative maximum in depth. 

Near-surface temperatures appear to be related to the 
depth of sigma-t surfaces since temps were found to be higher 
in stations with deep mesostructure than in stations without 
deep structure. Further conclusions require additional sup- 
porting data. 

The author feels that the theory of interleaving is plau- 
sible and consistent with the data. It was not possible . 
with the data available to trace the interleaving process in 
detail. Further work should include closely spaced stations 
to make this possible. Some interesting associations between • 
mesostructure and internal waves have been suggested, how- 
ever time prevented this phenomenon from being studied more 
tho-roiighly. 
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Figure 20. T-S grouping of stations 17,18,19,20. 
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Figure 21. T-S grouping of stations 33,34,35. 
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